1. Definition {#s0010}
=============

Immunocapture-based ELISA ([@bb0275]) is a methodology particularly suitable to analyze vesicles from both human body fluids and cell culture supernatants. It is based on the principle that specific antigens can be expressed only by vesicles of size from nano to micro and the method exploit this feature to select only the population of vesicles of interest. However, the most interesting between the EVs are by far the nanovesicles called exosomes. Besides to be the specific markers of these nanovesicles, the exosomes also contain molecules defining both the cellular source and the disease state, thus representing the preferential delivery system of a wide range of molecules. Thanks to the wide range of antigens on the EVs surface, the immunocapture-based technologies, may well be implemented by the use of the broad panel of antibodies available todate.

2. Rationale {#s0015}
============

2.1. Exosomes {#s0020}
-------------

Exosomes are nanovesicles of a size ranging between 40 and 180 nm playing critical role in cell-to-cell communication, all along a proteins/DNA/RNA shuttling, that normally allows a tuned regulation of body\'s homeostasis, but that may well contribute in disease pathophysiology ([@bb0125]; [@bb0445]; [@bb0475]). Exosomal cargo can impact target cells through stimulation via surface-bound ligands, transferring activated receptors, or transferring functional proteins, lipids and genetic material ([@bb0500]). Exosomes are generated from the late endosomes, which originate by inward budding of multivesicular body (MVB) membrane. From the invagination of the late endosomes membranes, the intraluminal vesicles (ILVs) are formed inside the MVBs. ILVs are subsequently released in the extracellular space by fusion with cellular plasma membrane or can be degraded in lysosomes ([@bb0445]; [@bb0470]; [@bb0475]; [@bb0500]).

2.2. Role of exosomes in physiological and pathological condition {#s0025}
-----------------------------------------------------------------

Exosomes are released from many cell types, including dendritic cells (DC), lymphocytes, mast cells and epithelial cells, in both physiological and pathological conditions ([@bb0280]; [@bb0295]; [@bb0425]; [@bb0445]; [@bb0475]). However, exosomes can be isolated from various biological fluids, such as blood and urine. Although it was initially believed that the role of exosomes was to eliminate unnecessary proteins, evidence of their fundamental role in intercellular communication has accumulated over time. In fact, it has been shown that exosomes participate to the immune response ([@bb0310]; [@bb0375]; [@bb0440]), and are involved in the development of the nervous system and as a consequence in the pathogenesis of neurodegenerative diseases ([@bb0145]; [@bb0155]), and prion-mediated diseases as well ([@bb0255], p. 201; [@bb0365]). Exosomes have a role in cardiovascular diseases, as well, with alteration in both miRNAs ([@bb0480]), and proteins (e.g., clusterin) content ([@bb0140]). Exosomal cargo changes in many other diseases including diabetes, rheumatoid arthritis, obesity, kidney diseases and cancer ([@bb0085]; [@bb0315]; [@bb0410]). Moreover, exosomes from adipose tissue contain 55 altered miRNAs involved in regulation of development and progression of chronic inflammation and resistance to insulin ([@bb0090]; [@bb0135]; [@bb0165]). Cancer exosomes mediate inflammatory responses occurring in tumor development, immune surveillance and response to therapy ([@bb0070]; [@bb0160]; [@bb0165]). Furthermore, it has also been shown that in the case of some viral infections, exosomes are used by viruses as a strategy for evading the immune response and to spread the infection ([@bb0390]). EVs and exosomes deliver viruses, including both HIV-1 ([@bb0055]; [@bb0335]) and Epstein-Barr (EBV) virus ([@bb0040]). Exosomes participate in the formation of new capillaries from existing blood vessels both in physiological condition, modulating endothelial VEGF signaling and gene expression ([@bb0165]; [@bb0195]; [@bb0240]). In cancer condition exomes are also involved in angiogenesis and extracellular matrix remodeling ([@bb0165]; [@bb0200]). Tumor-derived exosomes may also participate in tumor immune escape by inducing cell death in both natural killer cells and T-cells ([@bb0025]; [@bb0065]; [@bb0205]), with the final purpose to control the anti-tumor immune reaction, inhibit cancer cells apoptosis and promote tumor growth ([@bb0465]). Tumor exosomes play a key role in both the paracrine dissemination, the formation of the pre-metastatic niche and conceivably in inducing a tumor-like transformation in mesenchymal stem cells ([@bb0425]; [@bb0510]). Evidence is accumulating on the importance of exosomes or EVs plasma levels in cancer patients as a valuable diagnostic/prognostic tool in cancer patients, independently from the tumor histology ([@bb0265]; [@bb0275], [@bb0290]; [@bb0305]; [@bb0355]; [@bb0395]; [@bb0420]), suggesting that exosomes quantification may represent an important new approach for cancer screening as well ([@bb0095]; [@bb0150]; [@bb0350]; [@bb0505]).

Lastly it is important to mention the ability of EVs to deliver drugs and nanomaterial, strongly suggesting that in particular exosomes may represent a natural nanoshuttle for future therapy, diagnostic and theranostics in different disease states ([@bb0130]; [@bb0210]; [@bb0250]; [@bb0285]).

2.3. Methods to analyze and characterize extracellular vesicles {#s0030}
---------------------------------------------------------------

Many techniques have been exploited in the last decade to isolate exosomes from either body fluids and culture supernatants. No one is perfect indeed, but the less imperfect is the use of a series of centrifugations with increasing speed followed by repeated ultracentrifugations. However, evaluation of physiochemical properties of exosomes, including size, shape, surface charge and proteins, lipids and nucleic acids composition are all key in the exosome and EVs characterization ([@bb0445]). At the moment, nanoparticle tracking analysis (NTA) has become one of the most used techniques for a quality assessment of the vesicle preparations from both cell culture supernatant and body fluids. NTA is a biophysical method based on optical density tracking of particles, which can simultaneously measure concentration and size distribution of extracellular vesicles of different size. In particular, the method allows the tracking of Brownian movement of nanoparticles in a liquid suspension on a particle-by-particle basis; the movement of each single particle is tracked and then correlated to particle size ([@bb0165]; [@bb0435]). NTA is able to detect small particles with a diameter smaller than 30 nm; moreover, the analysis is performed in a liquid phase, avoiding biophysical modifications of studied exosomes.

Transmission electron microscopy (TEM) was widely used to characterize and visualize exosomal preparation with or without immuno-gold antibodies labeling to obtain biochemical information. Although this technique allows to obtain high resolution images, the sample preparation and the measurement conditions make this technique disadvantageous. Samples have to be fixed and dehydrated before measurement and multi-step preparation for TEM analysis can induce morphological changes of exosomal specimens. In addition, electron beam can induce damages in biological samples ([@bb0165]; [@bb0435]). However, it is mandatory to emphasize that, as in the vast majority of the cases in science, electron microscopy allowed the discovery of extracellular vesicles and exosomes, and it should never be abandoned or disregarded in the present and future research on exosomes and EVs.

The amount of exosomal proteins can also be used as an indirect measurement of the quantity of isolated vesicles, but these values do not necessarily correlate with the number of exosomes. Accordingly to MISEV2018 guidelines, to demonstrate the presence of EVs in specific samples, at least one transmembrane protein associated to exosomal plasma membrane (e.g., tetraspanins CD9, CD63, CD81) and one cytosolic protein (e.g., TSG101, ALIX) have to be analyzed. Among available techniques, Western Blotting is the most used method for the characterization of typical exosomal proteins, although it clearly represents a semi-quantitative, that can\'t be exploited in the serial analysis of clinical samples. Most of all, it requires large volumes of samples and extensive preparatory and processing time.

Over the last two decades, Flow Cytometry has become one of the most frequently methodology exploited in analyzing extracellular vesicles, thanks its ability to examine different parameters at the same time. Flow cytometry allows to analyze size and structure of particles in suspension based on forward scattering light, together with characterization of exosomal proteins previously labeled with fluorescent antibodies. Due the side detection limitation, conventional cytometers could underestimate particles smaller than 300 nm. For this reason, new generation flow cytometers were modified with multi-angle lasers to improve particle resolution ([@bb0030]; [@bb0050]; [@bb0330]), together with its implementation with nanoscale equipment, and recently exploited in clinical studies as well ([@bb0265]; [@bb0270]).

Lastly, what is the main issue of this chapter the use of the immunocapture-based techniques and in particular of the immunocapture-based ELISA in both pre-clinical and clinical analysis of EVs and exosomes. This deserves a dedicated paragraph with the purpose of providing a more detailed description of the method.

2.4. Immunocapture-based ELISA method description {#s0035}
-------------------------------------------------

Given the increasing understanding of the role of exosomes in cell communication, cancer progression together with increasing need to find new treatments, improve diagnostics and follow-up of malignancy, there is accordingly a need for new methods and tools to detect and measure exosomes in human fluids. In this regard, in 2009 a new method of quantification of exosomes isolated from cell culture and plasma supernatants was provided ([@bb0275]) ([Fig. 1](#f0010){ref-type="fig"} ).Fig. 1Schematic representation of the immunocapture-based ELISA for exosomes detection and quantification. The detection and quantification of exosomes, purified from plasma and cell supernatants, can be performed mainly by Double-Sandwich ELISA (A), Sandwich ELISA (B) and Biotinylated-Sandwich ELISA (C). A polyclonal capture antibody is required for the specific exosome binding to the plate, followed by a monoclonal detection antibody either directly conjugated to an enzyme or bound with an enzyme-conjugated secondary antibody. The reaction between an enzyme and a chromogenic substrate develops color whose absorbance intensity is measured with the spectrophotometer. Enzyme usually used are horseradish peroxidase (HRP) and alkaline phosphatase (AP), while chromogenic substrate are *p*-nitrophenyl phosphate (pNPP), tetramethylbenzidine (TMB) *o*-phenylenediamine dihydrochloride (ODP). Absorbance is read at 405 nm for pNPP, 450 nm for TMB and 492 nm for ODP. (A) Double-Sandwich ELISA is an indirect system for exosomes detection and quantification. Exosomes, after the binding with a capture antibody fixed to the plate, are bound by a primary antibody and detected with a secondary antibody enzyme-conjugated. (B) Sandwich ELISA is a direct system for exosomes detection and quantification. Exosomes, following the binding with a capture antibody fixed to the plate, are bound and detected by a primary antibody enzyme-conjugated. (C) Biotinylated-Sandwich ELISA is a direct system for exosomes detection and quantification. Exosomes, following the binding with a capture antibody fixed to the plate, are bound by a primary biotinylated antibody and detected by enzyme-conjugated streptavidin. The binding between detection biotinylated antibody and enzyme-conjugated streptavidin could be used for signal amplification.Fig. 1

In [@bb0275] it was widely demonstrated that immunocapture-based ELISA allows to characterize extracellular vesicles from plasma of both SCID mice engrafted with human melanoma. Moreover, it has been observed that the quantity of caveolin-1 in exosomal preparations is exclusively detectable from exosomes purified from plasma of tumor patients and correlates with the tumor size.

The method initially involved the use of the polyclonal anti-rab5b antibody to capture exosomes and monoclonal anti-CD63 subsequently bound to a secondary antibody HRP-conjugated ([Fig. 1](#f0010){ref-type="fig"}). Rab5b and CD63 are exosomal proteins shared with endosomes and lysosomes, but not shed or recycled as for membrane structures, so they are commonly used as exosomal markers ([@bb0275]; [@bb0445]). The method was able to provide a more reliable quantification of the exosomes as compared to the other available methods. In fact, as detailed above the other available techniques were either not quantitative (TEM) or only poorly quantitative (WB). Although flow cytometry has been used to quantify exosomes, this method does not allow the needed precision for an accurate measurement of the amount of extracellular vesicles contained in the sample. In fact, while FACS (fluorescence activated cell sorter) analysis was a suitable method to quantify cells, even of small size, it was not suitable to quantify the amount of small vesicles, such as exosomes (i.e., 50--100 nm). Furthermore, FACS analysis did not allow simultaneous analysis of different samples. Therefore, there was a need for a method to detect and quantify exosomes from small amounts of body fluids, and in as many as samples at the same time, in order to quickly translate the methodology to the clinical use. Actually, immunocapture-based ELISA looked ideal for this purpose, inasmuch it allowed the detection and quantification of both exosome-specific antigens and tumor antigens on EVs isolated from small quantities of plasma, at the same time. In fact, in the original study it has been shown that, as a second layer antibody, the anti-CD63 antibody can be replaced with an antibody against a potential new disease marker, in that case caveolin-1, to quantify and possibly track disease progression. In fact, in the same study and with the same technique it has been shown that the amount of plasma exosomes expressing caveolin-1 correlated with the tumor size ([@bb0275]).

The same approach was utilized in a pilot clinical study in a small cohort of patients affected by oral cancer. The study was performed in each single patient measuring the levels of plasmatic exosomes before and after surgery. The results showed that the levels of plasmatic exosomes dramatically dropped down immediately after surgery, suggesting that the great majority of the plasmatic exosome from tumor patients came from the tumors ([@bb0395]). The study showed also that the patients showing the highest exosome levels before surgery had the worst prognosis.

Given the versatility of the technique, it was possible to adapt the method for the study of other pathologies. In a more recent works, the antibody for EVs capture (anti-Rab5b) was replaced with anti-CD81, and CD63 with anti-PSA (prostate specific antigen) antibody, commonly used marker for prostatic cancer (PCa) early diagnosis and follow-up ([@bb0265]; [@bb0270]) ([Fig. 1](#f0010){ref-type="fig"}). Results from immunocapture-based ELISA showed that cancer patients had significantly higher levels of exosomal PSA compared to healthy donors and the method allowed a clear and significant discrimination, in term of both sensitivity and specificity, between patients and healthy donors, as compared to the serum PSA ([@bb0265]). In order to implement immunocapture-based ELISA with other methods possibly exploitable in cancer patients clinical management the plasma samples were also analyzed by both nanoscale flow cytometry (NFC) and nanosight tracking analysis (NTA) and results were compared, patient-by-patient to those obtained with immunocapture-based ELISA. Statistical analysis of the results demonstrated that immunocapture-based ELISA alone allows to detect exosomal PSA and discriminate healthy subjects versus patients with significantly higher sensitivity and sensibility than serum PSA analysis and compared to other techniques used. Moreover, immunocapture-based ELISA allowed to quantify and characterize several clinical samples at the same time, and in a broader population of EVs as compared with NFC ([@bb0265]; [@bb0490]).

Immunocapture-based ELISA was exploited also for the quantification of the carbonic anhydrase IX (CAIX) exosome expression. Exosomes were captured using anti-CD81 antibodies and anti-CAIX was used as detection antibodies. Exosomes from plasma of PCa patients expressed more CAIX than control patients, suggesting the potential role of exosomal CAIX as tumor marker ([@bb0290]).

All in all the data obtained in our laboratory, as well as comparable data obtained in other laboratories worldwide ([@bb0015]; [@bb0035]; [@bb0215]; [@bb0245]; [@bb0265]; [@bb0270]; [@bb0325]; [@bb0430]; [@bb0485]; [@bb0490]) support an extensive use of immunocapture-based ELISA for the characterization and quantification of EVs and particularly exosomes in the plasma, as well as the other body fluids, in human patients with tumor malignancies, but of course virtually all the known diseases. The advantages of this method are not limited to its plasticity in allowing the contemporary examination of several markers expressed on the exosomes, and in different patients\' samples, but they include the sustainable costs of the method and its easy application in virtually all the clinical laboratories worldwide. Of interest 26 years ago, using a comparable technical approach we showed that HIV-1 virions budded from the infected cells together with some cell plasma membrane ([@bb0045]) and this occurred thanks to cytoskeleton-membrane driven polarization of the cells ([@bb0120]). This strongly suggests that this method may well be used in implementing and possibly improving the diagnostic approach for the vast majority of viral infections, including these days coronavirus infection ([@bb0020]; [@bb0060]; [@bb0260]; [@bb0320]).

3. Materials, equipment and reagents {#s0040}
====================================

3.1. Materials {#s0045}
--------------

1.Polyclonal antibodies directed against EV/exosome antigens (capture antibodies) (e.g., anti-CD9 (Cluster of Differentiation 9) antibody clone H110; anti-CD81 (Cluster of Differentiation 81) antibody clone H-121 and clone PA5-79003)2.Monoclonal antibodies against EV/exosome antigens (detection antibodies) non-interfering with polyclonal antibodies \[e.g., anti-CD63 (Cluster of Differentiation 63) antibody clone H5C6\]3.Plastic plates with highly charged polystyrene surface suitable for antibodies attachment (96-well plates)4.Carbonate buffer (pH 9,6)5.Phosphate buffer saline (PBS)6.Blocking buffer (0,5% BSA in PBS)7.PBST (PBS + 0,1%Tween20)8.Parafilm9.Secondary antibodies conjugated with HRP (horseradish peroxidase)10.Blue POD substrate

3.2. Equipments {#s0050}
---------------

1.Shaker2.Incubator with temperature (37 °C) and CO~2~ (5%) controlled3.Microplate spectrophotometer reader with appropriate optical filters (405, 450, 490 nm)

4. Protocols {#s0055}
============

1.Coat the plate (96-well plate) with 4 μg/mL polyclonal antibodies (capture antibodies) in a volume of 100 μL/well of carbonate buffer2.Place the plate for 30 min on a shaker and then overnight at 4 °C3.Wash the plate three times with 300 μL PBS4.Add 100 μL blocking solution, incubate for 1 h at room temperature5.Wash the plate three times with PBS6.Coat the plate with exosomes in a final volume of 50 μL7.Cover the plate with parafilm and place 15--20 min on shaker; incubate at 37 °C overnight8.Wash three times with 300 μL PBST and one time with PBS9.Add 4 μg/mL of monoclonal detection primary antibodies and incubate 1 h at 37 °C10.Wash three times with PBST and one time with PBS11.Add 100 μL secondary anti-mouse-HRP (dilution 1:50000). Incubate 1 h at 37 °C12.Wash three times with PBST13.Add 50 μL POD, incubate in dark 15 min at room temperature. Finish the reaction by adding 50 μL of 4 N H~2~SO~4~14.Measure the optical density at 450 nm using microplate spectrophotometer reader

5. Precursor techniques {#s0060}
=======================

Immunocapture-based ELISA is a modified double-antibody sandwich enzyme-linked immunosorbent assay ([@bb0405]) ([Fig. 1](#f0010){ref-type="fig"}A). In a sandwich ELISA ([Fig. 1](#f0010){ref-type="fig"}B), samples expressing a certain antigen are immobilized on a surface (usually polystyrene plate) in a specific way (with an antibody specific for the antigen) or not specific letting direct adsorption to the surface. After antigen immobilization, the detection antibody, not interfering with the capture one, is added; the detection antibody can be directly conjugated to an enzyme (e.g., HRP) or can be detected from a secondary antibody HRP-conjugated. Then, after the addition of a substrate, the enzyme converts the substrate in color and the absorbance signals are read by a microplate spectrophotometer reader.

6. Safety considerations and standards {#s0065}
======================================

The ELISA test is performed in complete safety conditions for laboratory staff, in compliance with the safety standards for individual and collective protection from health biohazards, and international or national safety standards and regulations. Any company that provides ELISA kits, or provides individually the materials and reagents required for the enzyme immunoassay, adequately informs the customer with a "Safety data sheet" on the composition, physical and chemical properties, handling, storage and disposal of the product(s), and on any health and environmental risks. In addition, the first aid measures, fire-fighting measures and the protection devices to be taken are indicated on the technical data sheet of each product.

Particularly, the materials required for the enzyme immunoassay, such as the sample buffer, washing buffer, enzyme-conjugated antibodies and substrate chromogenic solutions are no hazardous. The only hazardous reagent for health and environment is sulfuric acid (H~2~SO~4~, stop solution), classified in accordance with the European Union Directive 67/548/EEC as C:R35 (C = corrosive, R35 = causes severe burns) and S26, S30 and S45 (S = Safety Phrases, S26 = In case of contact with eyes, rinse immediately with plenty of water and seek medical advice, S30 = Never add water to this product, S45 = In case of accident or if you feel unwell seek medical advice immediately (show the label where possible) ([@bb0115]). Sulfuric acid is also classified as category 1 according to regulation (EC) no. 1272/2008 (classification, labeling and packaging of substances and mixtures, CLP) ([@bb0110]). The directives on hazards identification and regulation are also followed according to the parameters of annex XVII to Regulation EC No 1907/2006 (Registration, Evaluation, Authorization and restriction of Chemicals REACH) ([@bb0105]; [@bb0190]; [@bb0380]), Annex I to Regulation (EC) No. 689/2008 ([@bb0080]), Annex V to Regulation (EC) No. 689/2008 ([@bb0075]), Regulation (CE) N. 850/2004 ([@bb0385]), Occupational Safety and Health Administration (OSHA)'s Hazard Communication Standard (HCS) ([@bb0175]; [@bb0185]), Globally Harmonized System of Classification and Labeling of Chemicals (GHS) ([@bb0010]), including precautionary statements, Hazardous Materials Identification System (HMIS) classification ([@bb0180]), National Fire Prevention Association (NFPA) hazard rating ([@bb0345]), Superfund Amendments and Reauthorization Act (SARA) ([@bb0455]) and U.S. Environmental Protection Agency (USE-PA) ([@bb0460]).

Specifically, researchers must be informed about the substance(s) identification and the company that distributes it, hazards identification of the product(s), composition and information on hazardous ingredients, first aid measures in case of contact (physical, inhalation or ingestion) with the dangerous substance, fire-fighting measures, accidental release measures, handling and storage, exposure controls and personal protection, physical and chemical properties, stability and reactivity, toxicological information, ecological information, disposal considerations, transport information and regulatory information. The individual and collective biohazard prevention and protection measures described above must be strictly followed even if one of the reagents required to perform the ELISA test is prepared in the laboratory.

7. Analysis and statistics {#s0070}
==========================

All samples must be repeated in triplicate. Statistical analyses were performed by using the software SigmaStat (SPSS Inc.). Differences between melanoma patients and healthy donors were analyzed by Mann-Whitney test, Wilcoxon signed rank paired test or student *t*-test as appropriate. Correlation between variables was assessed by Spearman rank test or regression analysis. Data in the text are expressed as mean ± SD.

8. Related techniques {#s0075}
=====================

Alternative to HRP antibodies, fluorescent conjugated antibodies are used for detection of captured EVs in fluorophore-linked immunosorbent assay (FLISA) or time-resolved-fluorescence immunoassay (TR-FIA) ([@bb0100]; [@bb0340]). In particular, the prolonged fluorescence emission of Europium in TR-FIA implies low fluorescence levels from other sources, such as autofluorescence of sample, which leads to a superior sensitivity. It has demonstrated that these assays are useful for quantification of EVs surface protein in urine and plasma samples without previous isolation and purification steps ([@bb0100]; [@bb0170]; [@bb0325]; [@bb0360]). Quantification of EVs cargo by TR-FIA is feasible adding a soft lysis buffer before binding with detection antibody ([@bb0400]). As IC-ELISA, this technique is performed in 96-well format making possible a large-scale analysis, but the principle behind these methods can be applied on a small scale as in ExoChip assay. In this assay a microfluidic device is used to capture fluorescence labeled EVs within small chambers coated with capture antibodies, subsequently samples are read with a multi-purpose plate reader. In addition to flat capture surface, it was developed an improved microfluidic assay with immunomagnetic beads (integrated microfluidic exosome analysis platform (IMEAP)) ([@bb0495]). Thanks to their mobile surface, magnetic beads increase capture efficiency as well as they simplify labeling and washing steps useful for subsequent analysis ([@bb0170]). EV Array is another immunocapture-based method exploiting protein microarray technology. This technique allows to detect and phenotype EVs in a high throughput manner ([@bb0220]; [@bb0225]; [@bb0370]). In EV Array spot of capture antibodies are printed on coated microarray slides; samples containing EVs are capture and subsequently detected with a cocktail of biotinylated antibodies against CD9, CD63 and CD81. Fluorescence streptavidin is used to detect and determinate amount of EVs on each spot ([@bb0220], [@bb0225]; [@bb0370]).

9. Pros and cons {#s0080}
================

Unlabelled TableProsConsCharacterization and quantification of exosomes isolated from small amount of plasmaIf the exosomal preparation from body fluids are not well purified, co-isolated contaminating biomolecules could result in a high level of background (biological noise), thus altering the resultsEasy to performNonspecific bindingHigh selectivity of specific exosomal antigenAvailability of suitable antibodiesNon expensive techniqueThe use of specific capture antibodies determines the quantification and characterization of a single sub-preparation of total exosomes preparation that carry the target protein(s), with following underestimation of the results (e.g., only CD9 +, only CD81 +, etc.)Non-invasive techniqueSimultaneous large-scale analysis of samples (up to 96 samples)Exosomes capture facilitates the washing steps necessary to eliminate all components/debris not specifically linked to the capture antibodyQuantification of disease markersSuitable for diagnostics

10. Alternative methods/procedures {#s0085}
==================================

There are variants to the method described above ([Fig. 1](#f0010){ref-type="fig"}):1.exosome binding to the plate can be specific through capture with an antibody, or it can occur thanks to the charges on the capture surface2.detection antibody can be directly conjugated to an enzyme or can be further bound with an enzyme-conjugated secondary antibody. Enzyme usually used in ELISA assay are horseradish peroxidase (HRP) and alkaline phosphatase (AP)3.based on instrumentation/equipment for signals detection, there are different types of substrates available: *p*-nitrophenyl phosphate (pNPP) is the substrate for AP-antibodies and absorbance is read at 405 nm; *o*-phenylenediamine dihydrochloride (ODP) and tetramethylbenzidine (TMB) are substrate for HRP antibodies and absorbances are read at 492 and 450 nm, respectively ([@bb0415]; [@bb0450])4.The biotinylated antibody-streptavidin system can also be used for signal detection thanks to its high signal amplification capacity ([@bb0300]; [@bb0415]; [@bb0450]) ([Fig. 1](#f0010){ref-type="fig"}C)5.Alternatively to the detection antibody directly or un-directly HRP/AP conjugated, also fluorescent antibodies could be used for signals detection ([@bb0100]; [@bb0340])6.In addition to flat surfaces for vesicle capture, several authors have used magnetic beads to immobilize vesicles. An advantage of the immune magnetic beads is that their capture surface is mobile, capture efficiency is potentially much higher and even more magnetic bead simplify the labeling and washing procedures making the assay more flexible for subsequent signal measurements ([@bb0230], [@bb0235]). It is however hard to detach the exosomes from the beads satisfactorily. Wells allow a better washing of the attached material

11. Troubleshooting and optimization {#s0090}
====================================

Unlabelled TableProblemSolutionType, material and characteristics of the immunoassay plates(a)Use plates with high affinity surface to molecules with mixed hydrophilic/hydrophobic domainsComposition and pH of coating buffer(a)Choose the most suitable coating buffer(b)Use fresh coating buffer and check the pHType, specificity, affinity, concentration, incubation-time and temperature, and availability of capture antibody(a)Choose the most suitable capture antibody(b)Test different concentrations of capture antibody(c)Use the antibody at optimal temperature(d)If capture antibody is not available, the exosomes could be bound directly to the plate and then proceed with the enzyme immunoassay using the detection antibodyType, composition, concentration and cross-reactivity of blocking buffer(a)Test different blocking buffer(b)Test different concentration of protein (e.g., BSA)Composition and pH of wash buffer(a)Choose the most suitable wash buffer(b)Check that the washing buffer is not contaminated(c)Check that the pH is correct, otherwise it leads to the optimal pH for the enzyme immunoassay(d)Make sure that the volume, frequency and duration of wells washing are adequateExosomes concentration(a)Test different concentrations of the sample and check the linearity of the dilution(b)Analyze each sample in triplicateConformation, stability, available epitopes of target antigen(a)Study well the target antigen(s) features of exosomes in scientific literature to choose suitable antibodiesType, specificity, affinity, concentration, cross-reactivity, incubation-time and temperature, and availability of primary antibody (or detection antibody)(a)Choose the most suitable primary antibody(b)Test different concentrations of primary antibody(c)Use the antibody at optimal temperatureType, specificity, affinity, concentration, cross-reactivity, incubation-time and temperature of secondary antibody(a)Choose the most suitable secondary antibody(b)Test different concentrations of secondary antibody(c)Use the antibody at optimal temperatureType, activity, concentration and cross-reactivity of enzyme conjugate to antibodies(a)Make sure that the enzyme conjugate is well preserved and has not expired(b)Test different enzyme conjugate(c)Test different concentrations of enzyme conjugateType and sensitivity of substrate(a)Choose the most suitable substrate(b)Make sure the substrate has not expired(c)Make sure to add the right substrate concentration to the wellsPossible contamination of reagents and samples(a)Use fresh reagents(b)Wash the wells well(c)Pipette carefullyHigh background signal(a)Use the antibody secondary to the recommended dilution and do not leave to incubate for too long(b)Use antibodies at the optimal incubation temperature(c)The substrate solution must be fresh and incubation with the substrate must be carried out in the dark(d)Make sure the substrate is colorless before using it(e)Make sure the reagents are not contaminated or incorrectly preparated(f)Check the performance of the microplate readerLow absorbance(a)Make sure that the target antigen is present in the exosome sample(b)Use a positive control(c)Increase the sample concentration because the target antigen may be poorly expressed(d)Make sure that the antibodies (primary or secondary) are used at the recommended concentrations and at the optimum temperature(e)Increase the concentration or incubation times of antibodies (primary or secondary)(f)Use fresh reagents, at room temperature and at the recommended concentrations(g)Make sure you have added the stop solutionAbsorbance values not concordant between the tripled wells(a)Make sure the correct calibration of the pipettes(b)Make sure to pipette properly(c)Make sure to shake the samples correctly before adding them to the wells(d)Make sure that no volume has evaporated from the wells during incubation(e)Make sure to wash the wells well with the wash buffer(f)Make sure the plate is cleanStandard curve values inconsistent and/or with low absorbance signals(a)Make sure to pipette properly(b)Make sure to dilute the standards correctly(c)Make sure you have correctly maintained the standards(d)Make sure there is no contaminationReproducibility of results(a)Try to perform different ELISA tests on the same samples under the same experimental conditions(b)Strictly follow and check all the control steps described above(c)Provide precise details on the type of antibody used, including manufacturer, catalog number and concentration usedNormalization of results(a)Obtain a *standard curve* of exosomes preparation by making serial (or scalar) dilutions starting from the concentrated sample(b)The exosomes must be a priori characterized with known exosomal markers by WB analysis and for size distribution by NTA. NTA will also allow to obtain the concentration of exosomes (particles/mL)(c)Graph the absorbance values corresponding to each standard sample and construct a regression line(d)From the regression line of the standard exosomes it is possible to obtain the precise number of exosomes with unknown concentration, corresponding to the absorbance of each sample tested

12. Summary {#s0095}
===========

The immunocapture-based ELISA method consists in the coating of specific antibody for exosomal antigen, on polypropylene surface of a 96-well plate. Subsequently the exosomes are left in incubation in plate wells to make the capture will happen. The plate is then washed, and the detection antibody, directly or indirectly conjugated to the enzyme, is added. After the addition of the appropriate substrate, the signal is formed and suitable to be read with a microplate spectrophotometer reader. Moreover, the detection antibody can be either directed toward an exosomal antigen, or toward specific disease markers so that the method can also be used in the diagnosis and follow-up of diseases.
